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From September 1976 to August 1988, 205 patients with 
mucocutaneous lymph node syndrome (Kawasaki disease) 
were evaluated; 29 were suspected of having coronary 
artery abnormalities because of either abnormalities on 
echocardiography (n = 21), congestive heart failure (n = 
3), prolonged fever (n = 3) or cardiac arrest (n = 2). All 29 
underwent cardiac catheterization and 22 were found to 
have coronary artery abnormalities. An additional 4 pa- 
tients were diagnosed solely by autopsy; therefore, 26 
patients (12%) in this series had coronary artery abnormal- 
ities. 
The clearance of contrast medium from the coronary 
arteries after aortography was significantly prolonged in 
patients with coronary artery aneurysms as compared with 
that in a control group (p < 0.001). AU patients exhibited 
delayed clearance of contrast medium on the initial aorto- 
gram as compared with that on follow-up studies (p < 
Coronary artery aneurysms are a recognized complication in 
approximately 20% of patients with mucocutaneous lymph 
node syndrome (Kawasaki disease) (l-3). Two-dimensional 
echocardiography has been used to detect coronary artery 
abnormalities during the acute phase (4-6). Many centers do 
not advocate mandatory coronary angiography in patients 
with such abnormalities, but rely on echocardiography for 
serial follow-up of coronary artery involvement in Kawasaki 
disease. Studies (7-9) of large series of patients in Japan 
have shown that from 5% to 19% of patients with coronary 
artery aneurysms develop stenotic lesions. These patients 
have the highest risk for myocardial infarction or sudden 
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0.01). Of the 22 patients with angiographically documented 
coronary artery abnormalities, 19 had right and 20 had left 
coronary artery involvement; the majority had diffuse 
involvement of both vessels. 
In 15 patients who underwent follow-up catheterization 
6 months to 7 years after initial study, complete resolution 
was observed in only 37% of affected coronary artery 
segments. In four patients, three of whom were asympto- 
matic, severely stenotic or occluded coronary artery seg 
ments were found on late catheterization. Coronary artery 
bypass surgery was performed in two of these patients. 
Echocardiography did not detect any of these stenoses. 
Although echocardiography is important for initial diagno- 
sis and serial evaluation, angiography is essential to fully 
define the nature and extent of coronary artery lesions, 
particularly if stenosis is present. 
(J Am Co11 Cardioll989;14:1318-25) 
death but are usually not identified echocardiographically. 
Angiography has been routinely performed in our institution 
in all patients with Kawasaki disease who were suspected of 
having coronary artery abnormalities. This study does not 
extol the virtue of one modality over the other, but empha- 
sizes the importance of both echocardiography and angiog- 
raphy in the management of patients with Kawasaki disease. 
Methods 
Patient group. Over a 12 year period from September 
1976 to August 1988, 205 children with Kawasaki disease 
were evaluated at the Children’s Hospital of Pittsburgh. The 
hospital records, echocardiograms and cineangiograms of all 
patients were reviewed. The patients ranged in age from 4 
months to 13 years (median 2.5 years) and in weight from 4.4 
to 44 kg (median 13 g). 
Echocardiography. Combined M-mode and two-dimen- 
sional echocardiographic studies were routinely performed 
during the acute stage of the disease and 1 month afterward. 
If coronary artery or other cardiac abnormalities were noted, 
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more frequent studies were performed as clinically indi- 
cated. The patients with suspected coronary artery abnor- 
malities had serial echocardiographic studies at 6 to 12 
month intervals after the acute stage. All patients had 
additional echocardiographic studies performed at the time 
of hospitalization for cardiac catheterization. 
Sedation with oral chloral hydrate (50 to 80 mg/kg body 
weight) was used when necessary for uncooperative infants 
and children. Between 1979 and 1985, echocardiograms were 
obtained with a Toshiba Sonolayergraph, model SSH-10 A 
with a 2.25 MHz transducer, or an Ekoline model 5500-D 
with a 3.5 or 5 MHz transducer. Since 1986, the studies have 
been performed with a Hewlett Packard 77020 AC ultra- 
sound imaging system with a 5 or 3.5 MHz transducer. 
Initially, two-dimensional and M-mode recordings were 
obtained in standard views: parasternal long-axis, short- 
axis, apical four chamber, subcostal and suprasternal view in 
the supine or left lateral decubitus position. In addition, 
particular attention was given to visualizing the coronary 
arteries in multiple views. All two-dimensional imaging was 
recorded on either 314 or l/2 in. (I .9 and 1.27 cm) videocas- 
sette tape for further review and analysis. 
Angiocardiography. Cardiac catheterization was per- 
formed in patients with any of the following: 1) echocardio- 
graphic evidence of coronary abnormalities; 2) prolonged 
fever of >2 weeks’ duration; 3) congestive heart failure; or 4) 
cardiac arrest. Twenty-five patients underwent catheteriza- 
tion within 1 to 3 months of their acute illness and 4 patients 
had initial angiography performed 1 to 3 years after their 
acute illness. Follow-up cardiac catheterization was per- 
formed 14 months to 7 years after the acute illness in 15 
patients. Two of these patients underwent a third catheter- 
ization at 2 and 7 years, respectively, after the acute illness. 
Cardiac catheterizations were performed with the percu- 
taneous technique from the femoral artery. All patients were 
premeditated with meperidine (2 mg/kg) and chlorpromazine 
(0.5 mg/kg). Heparin (100 U/kg) was given in the majority of 
patients after arterial access was obtained. Selective aortog- 
raphy with 0.5 to I ml/kg of Renografin-76 was performed in 
all patients. The contrast agent was delivered in 1 s by a 
power injector through a National Institutes of Health cath- 
eter positioned just above the aortic valve. All angiograms 
were filmed at a rate of 60 frames/s. Five patients also 
underwent selective coronary angiography at the initial 
study. The follow-up studies performed in 15 patients in- 
cluded ascending aortography in all and 15 selective coro- 
nary angiography in 12. There were no complications from 
the cardiac catheterization, such as hemorrhage, vascular 
compromise or arrhythmia. 
Calculation of coronary flow clearance. Because we have 
observed sluggish coronary artery flow in patients undergo- 
ing aortography within 3 months of their acute illness, an 
attempt was made to quantitate this abnormality. Coronary 
clearance time was defined as the time for the disappearance 
RIGHT CORONARY ARTERY LEFT CORONARY ARTERY 
(RAO) (LAO) 
Figure 1. The right and left coronary arteries were divided into 
three and five segments, respectively, as shown. AM = acute 
marginal branch; Cx,, Cx, = left circumflex coronary artery, 
proximal and distal segments; D,, D, = diagonal branches; LAD,, 
LAD, = left anterior descending coronary artery, proximal and 
distal segments; LAO = left anterior oblique view; OM = obtuse 
marginal branch; RAO = right anterior oblique view; RD, RM, RP 
= distal, middle and proximal segments of the right coronary artery. 
of contrast medium from the coronary arteries after an 
aortogram. Selective coronary studies were not used be- 
cause clearance of contrast medium will depend on the 
degree of obstruction of the coronary orifice by the selective 
coronary catheter. The number of frames were counted from 
the first appearance of contrast medium in the coronary 
arteries to its complete disappearance. Coronary clearance, 
expressed in cardiac cycles, was calculated as a ratio of the 
number of frames during which contrast medium was visible 
in the coronary artery divided by the number of frames per 
cardiac cycle. These calculations were done at the initial and 
follow-up studies. For comparison, similar studies were 
done in a control group of 25 patients with aortic stenosis, 
coarctation of the aorta or tetralogy of Fallot. Patients in the 
control group were similar in age and weight to those in the 
Kawasaki group. 
Segmental coronary analysis. Involvement of the coro- 
nary arteries was analyzed from representative frames. The 
right and left coronary arteries were divided into three and 
five segments, respectively (Fig. 1). A segment was consid- 
ered abnormal if aneurysm (saccular or fusiform), diffuse 
dilation, irregularity or stenosis was present (Fig. 2). The 
length and minimal and maximal width of each abnormal 
segment were measured and compared with measurements 
in the adjacent segment. 
Statistical analysis. Data are expressed as mean values + 
SD. Statistical analysis was performed with an unpaired 
two-tailed Student’s t test comparing both the initial and the 
follow-up study group with a control group. A two-tailed 
paired Student’s t test was used to compare patients who had 
a follow-up study. A value of p < 0.05 was considered 
statistically significant. 
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Figure 2. Classification of coronary segments by shape of abnor- 
mality. 
Results 
Coronary segmental abnormalities (Table 1). There were 
29 patients in this series considered at risk for coronary 
artery aneurysm on the basis of either echocardiographic 
abnormalities, a prolonged febrile course or signs of cardiac 
involvement. Echocardiographic abnormalities were present 
in 21 of the 29 patients, and 16 patients were found to have 
one or more aneurysms at angiography. Thus, five patients 
had a “false positive” echocardiographic diagnosis of coro- 
nary involvement. All five patients had normal findings on 
coronary angiography although mild dilation or irregularity 
of the coronary arteries was noted echocardiographically. 
One of the five had a coronary-pulmonary fistula. Two 
patients with coronary artery aneurysms were evaluated 
before the availability of two-dimensional echocardiog- 
raphy. Of the remaining six patients, three had echocardio- 
graphic abnormalities of the coronary arteries but underwent 
catheterization for other indications. The other three pa- 
tients had a “false negative” echocardiogram but angiogra- 
phy, which was performed on the basis of other clinical 
criteria, demonstrated coronary abnormalities. In one pa- 
tient, in whom a proximal right coronary lesion was visual- 
ized on echocardiography, angiography demonstrated addi- 
tional abnormalities in the distal right coronary artery 
segments (Fig. 3). All three patients with prolonged fever as 
well as two patients who survived cardiac arrest had angio- 
graphic findings of coronary aneurysm. Only one of three 
Table 1. Indication for Cardiac Catheterization in 29 Patients 
Indications 
No. of 
Coronary Artery Abnormalities 
Patients Echocardiography Angiography 
Coronary artery 21 21 16 
abnormalities by 
echocardiography 
Prolonged fever (>2 weeks)* 3 1 3 
Congestive heart failure 3 1 1 
Cardiac arrest* 2 1 2 
Total 29 24 22 
*One patient was evaluated before undergoing two-dimensional echocar- 
diography. 
Figure 3. Selective right coronary arteriogram in the left anterior 
oblique view demonstrating a large saccular aneurysm (solid arrow) 
in the proximal segment. Diffuse irregularity and an additional 
aneurysm (open arrows) seen distally were not apparent echocardio- 
graphically. 
patients with congestive heart failure was found to have a 
coronary aneurysm on angiography. 
Overall, coronary artery abnormalities were documented 
by angiography in 22 of 29 patients. An additional 4 patients 
who had not undergone angiography or echocardiography 
had aneurysms found at autopsy; therefore, a total of 26 
(12%) of the 205 patients in this series had one or more 
coronary artery aneurysms. 
Coronary flow clearance (Table 2). Patients with Ka- 
wasaki disease had a significantly longer coronary flow 
clearance time than did those in the control group (p < 
0.001). Coronary clearance was significantly prolonged in 
the Kawasaki group at initial study (8.5 + 3.4 cycles) as 
compared with that in the same patients at follow-up (7.0 + 
3.7 cycles) (p < 0.01). Although this demonstrates an im- 
provement in this variable despite persistence of aneurysms, 
the clearance time on follow-up study in patients with 
Kawasaki disease remained significantly longer than that in 
the control group (p < 0.001). 
Qualitative analysis. Of the 22 patients found to have 
abnormal coronary angiograms, 19 underwent study within 1 
Table 2. Coronary Clearance Data in Patients and Control Groups 
No. of 
Cardiac Cycles 
Groups Patients Mean + SD Range p Value 
Control 25 4.1 + 1.4 1.9 to 7.1 
<0.001 
Kawasaki 
Initial study 19 8.5 ? 3.4 2.4 to 15.7 Follow- p study 5 7.0 
<O.Ol 
+ .1 3.  t  7 1 
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Figure 4. Incidence and types of coronary artery ab- 
normalities in 82 segments in 19 patients who have 
undergone early cardiac catheterization. 
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5- 
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to 3 months after the acute illness. On analysis of these 19 
patients at the early study, 82 (54%) of a total 152 segments 
were found to be abnormal (Fig. 4). There was no specific 
pattern of coronary artery distribution, although the proxi- 
mal segments were more commonly involved than the distal 
segments. Among the abnormal segments, a diffusely dilated 
segment was present in 48 (59%) a saccular aneurysm in 23 
(28%) a fusiform aneurysm in 7 (8%) and 4 segments (5%) 
were irregular; none of the abnormal segments were stenot- 
ic. No patient had distal lesions without proximal lesions, 
and the majority of patients with proximal lesions also had 
involvement of the distal segments. 
Of the remaining three patients whose initial studies were 
performed late (1 to 3 years after the acute illness), two had 
stenotic lesions and one had coronary aneurysm without 
stenosis; however, no previous angiographic studies were 
available for comparison. 
Progression of the coronary artery abnormalities. Of the 
19 patients with abnormal coronary arteries at the early 
study, 15 underwent follow-up catheterization 1 to 7 years 
after the acute illness. The outcome of these patients is 
shown in Figure 5. Although 37% of lesions in affected 
segments have resolved, severe stenosis developed in six 
segments in two patients. The coronary aneurysms became 
smaller in seven patients and stenotic in two; complete 
resolution occurred in only six patients. In this small series, 
stenosis developed in fusiform as well as saccular aneu- 
rysms. Therefore, the type of aneurysm did not predict 
the likelihood of resolution or the development of stenosis 
DIFFUSE 
DILATION 
SACCULAR 
FUSIFORM 
IRREGULAR 
RIGHT LEFT 
CORONARY ARTERY CORONARY ARTERY 
(Fig. 6). There were eight patients with large aneurysms that 
were >8 mm in diameter at initial angiography. One patient 
died early of coronary thrombosis and two patients devel- 
oped stenosis. However, in five of the eight patients with 
aneurysms >8 mm, stenosis was not found at follow-up 
study, and in two the aneurysms had resolved completely. 
One of the 22 patients with coronary artery abnormalities 
detected by angiography died of coronary thrombosis, which 
was confirmed at autopsy. This child was 7 months old at the 
time of onset of acute illness, and angiography 6 weeks later 
showed a giant aneurysm in both the right and the left 
coronary arteries measuring >2 cm in diameter. This child 
had a cardiac arrest several weeks afterward and died. Of the 
21 survivors, only 6 have complete resolution at follow-up. 
Eleven patients have residual aneurysms, which have be- 
come smaller as demonstrated by angiography in seven and 
by echocardiography in four who await follow-up catheter- 
ization. The remaining four developed stenotic lesions, two 
of whom underwent surgery. 
Coronary artery stenosis. Two patients who did not have 
angiography in the early stage of illness were found to have 
stenotic lesions when they underwent initial catheterization 
2 to 3 years after their acute illness. Two additional patients 
were found to have developed coronary artery stenosis at 
their follow-up angiographic study. Thus, a total of four 
patients with stenosis have been identified angiographically; 
three of the four were asymptomatic. One of these, a 3 year 
old girl, did not undergo cardiac catheterization until 2.5 
years after her acute illness because of palpable bilateral 
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femoral and axillary artery aneurysms. Serial echocardio- 
grams had demonstrated aneurysms in both coronary arter- 
ies. Complete occlusion of her left anterior descending 
coronary artery was found on angiography; however, she 
remains asymptomatic and her rest thallium imaging study 
showed only mild abnormalities. Two other patients, aged 3 
and 17 years, respectively, had large aneurysms present 
initially and, although these were smaller at follow-up, 
significant stenoses had developed in both patients. One of 
these patients, who had poor collateral coronary artery flow, 
underwent bypass surgery of the right and left coronary 
arteries. Follow-up angiography at 1 year demonstrates 
patency of both grafts. The other patient remains asymp- 
INITIAL TYPES CHANGES AT FOLLOW UP 
Figure 5. The fate of 46 normal and 74 abnormal coro- 
nary artery segments involved in the 15 patients who 
had a follow-up study. Segments are classified as nor- 
mal, improved but still abnormal and stenotic. LC,, LC2 
= proximal and distal branches of the left circumflex 
coronary artery; LD,, LD, = proximal and distal 
branches of the left anterior descending coronary artery; 
R,, R,, R, = proximal, middle and distal segments of the 
right coronary artery. 
tomatic, has good intercoronary collateral circulation and 
has only minor abnormalities on exercise thallium study. 
The fourth patient, a 13 year old boy, was not evaluated at 
his initial illness. He presented with cardiac arrest 2 years 
after an illness that was presumed to have been Kawasaki 
disease. He was found to have giant coronary aneurysms as 
well as occlusion of the right and left coronary arteries, 
which necessitated bypass surgery. 
Although echocardiography demonstrated coronary ar- 
tery aneurysms in all four patients with stenotic lesions, 
areas of stenosis were only detected by angiography (Fig. 7). 
Furthermore, serial angiocardiograms in a 1 year old boy 
demonstrated an increase in stenosis of the left anterior 
DIFFUSE 
DILATION 
SACCULAR 
FUSIFORM 
% 
IRREGULAR 
RESOLVED 
24(32%@jj REMAINED AENOAMAL 
6(8%) BECAME STENOTIC 
Figure 6. Fate of 74 coronary lesions classified 
by type of abnormality found at initial catheter- 
ization in 15 patients who underwent follow-up 
study. 
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Figure 7. Echocardiograms in a short-axis view demon- 
strating an aneurysm (arrows) in both the right (A) and 
left (B) coronary arteries. However, coronary artery 
stenosis or obliteration was not apparent and was only 
visualized by selective coronary angiography in the left 
anterior oblique view of the right coronary arteriogram 
(C) and right anterior oblique view of the left coronary 
arteriogram (D). These showed complete obliteration 
(solid arrows) of the coronary arteries with retrograde 
filling (open arrows). Both echocardiographic and angio- 
graphic studies were done on the same day. 
descending and left circumflex coronary arteries (Fig. 8). 
The patient underwent coronary artery bypass surgery at age 
3.5 years. He is currently doing well. 
Discussion 
In this series, angiography was performed in all patients 
with echocardiographic coronary artery abnormalities, as 
well as in patients in high risk categories such as those with 
prolonged fever, cardiac arrest or congestive heart failure 
(10-12). Echocardiography is useful in identifying coronary 
artery involvement in patients with Kawasaki disease and 
correctly identified aneurysms in most patients in this series 
who subsequently had aneurysms confirmed angiographi- 
tally (4-6). The accuracy of echocardiographic diagnosis of 
coronary aneurysm has improved considerably in recent 
years as a result of improved scanning techniques and better 
resolution of the images. 
The value of angiography. Nevertheless, false positive 
and false negative echocardiographic diagnoses of coronary 
artery aneurysms occur. Several patients with both proximal 
and distal aneurysms demonstrated angiographically were 
identified by echocardiography as having coronary abnor- 
malities in the proximal segments, but their distal lesions 
were not recognized. In addition, coronary vessels were 
considered to be abnormal if there was any coronary artery 
dilation by echocardiography; however, at angiography 
these vessels appeared normal in two patients. It is known 
that in the pediatric age group the range of normal coronary 
vessel diameter is 2 to 5 mm (13). It is possible that these two 
patients did not have actual coronary abnormalities during 
the acute phase of their disease, but rather had large coro- 
nary vessels, which would account for normal angiographic 
findings. 
Angiographic data obtained within 3 months after the 
acute illness demonstrate that coronary involvement is gen- 
eralized in both the right and left coronary arteries, and 
affects the proximal as well as the distal segments of these 
vessels. About 60% of lesions in this series were diffuse 
dilations, 35% were aneurysms and 5% were irregular ves- 
sels; there were no stenoses (Fig. 4). On follow-up evalua- 
tion, the aneurysms became smaller and the large aneurysms 
were more likely to progress to stenosis. None of the 
stenotic lesions could be identified when echocardiographic 
interrogation was performed at the time of admission for 
cardiac catheterization. 
Coronary clearance time. It was our impression that 
contrast medium generally clears from the coronary arteries 
after an aortogram within four to six cardiac cycles. This 
view was confirmed by evaluation of a control group of 25 
patients without Kawasaki disease who were undergoing 
cardiac catheterization. Although this control group does not 
1324 PAHL ET AL. 
ANGIOGRAPHY IN KAWASAKI DISEASE 
JACC Vol. 14, No. 5 
November 1, 1989:131&25 
Figure 8. Serial angiograms showing progression of stenosis in the 
left anterior descending coronary artery. A, Initial aortogram in 
anterior posterior view showing multiple large aneurysms (arrows). 
B and C, Selective left coronary angiograms 15 months (B) and 26 
months (C) after initial study in the left anterior view demonstrating 
progressive stenosis (arrows) in the left anterior descending branch. 
represent normal persons, we believe that it does represent 
a small set of patients with normal coronary flow undergoing 
cardiac catheterization. Our study has identified a previously 
unreported angiographic abnormality, the delayed clearance 
of contrast material from the coronary arteries in patients 
with coronary artery abnormalities during the early stages 
after Kawasaki disease. Although the clinical significance of 
this finding is unclear, the presence of a prolonged coronary 
clearance time in patients with coronary artery abnormalities 
may indicate an impairment of coronary flow. As would be 
expected, the longest clearance time occurred in the patients 
with coronary stenosis. Although abnormal clearance may 
be a result of the presence of aneurysms, clearance time was 
less prolonged at follow-up study even though aneurysms 
were still present. Additional investigation will be necessary 
to evaluate this phenomenon further and to assess whether 
prolonged clearance time is caused by the presence of a 
coronary artery aneurysm, or whether it indicates the pres- 
ence of an abnormality of coronary flow in patients with 
cardiac involvement during Kawasaki disease. 
Natural history of coronary abnormalities. In this study, 
only 33% of patients with coronary artery aneurysms had 
complete resolution, in contrast to other series from Japan 
(7,14) in which 50% of patients with aneurysms exhibiting 
complete resolution. A Canadian study (15) of 17 patients 
who underwent angiography identified three distal lesions 
and four stenoses, all missed by echocardiography, and 
reported 15% resolution of aneurysms in their series. In the 
United States, the incidence of resolution of coronary artery 
aneurysms has not been well defined. In studies in Japan, the 
incidence rate of stenosis in patients with coronary aneu- 
rysms ranges from 5.7% to 19% (3,7), a rate similar to the 
15% incidence rate in the present series. In large Japanese 
series (9,16), children with myocardial infarction usually had 
been asymptomatic before the infarction; however, the 
mortality rate after an infarction was high. The management 
of asymptomatic patients with severe coronary artery steno- 
sis is difficult, particularly that of small children in whom 
accurate noninvasive assessment of exercise-induced isch- 
emia is usually not possible. Even when stenosis is known to 
be present, the likelihood of an ischemic event is unpredict- 
able and the indications for bypass surgery are currently 
unclear (8,9,17,18). 
Clinical relevance. Angiography is an essential tool and 
should be used in conjunction with noninvasive methods to 
determine the presence and progression of coronary artery 
obstructive lesions after the diagnosis of Kawasaki disease 
has been made. It is quite possible that in the United States 
the incidence of stenotic lesions has been underestimated in 
patients with Kawasaki disease because the majority of 
centers rely primarily on noninvasive methods to assess the 
extent and progression of coronary artery involvement. 
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